Progress in understanding recovery from stroke and assessing the impact of rehabilitation therapy has been limited by the lack of good measures of function. In this context a good measure is one which is reliable, valid and sufficiently sensitive to detect small changes in performance. Also, it should have a wide range of use capable of measuring mild as well as severe impairment. The ideal measure would meet these requirements yet only require a brief and simple assessment procedure. This would allow frequent monitoring to chart the course of recovery.
In a previous study,' the 
Measurement procedures
Grip strength was assessed using an electronic dynamometer (MIE Medical Research, Digital Pinch/Grip Analyser). This consists of two flat padded bars mounted parallel to each other 2 cm apart. When these are squeezed together the maximum force is indicated on a digital display which registers from 1 to 400 Newtons (that is, from light touch to heavy pressure). The dynamometer is designed to record accurately the pressure exerted on the bars irrespective of the point of grip along their length. However, the resistance to movement changes noticeably depending on the exact position, with greater springiness apparent when the bars are gripped at their very end. For this reason, a standardised position ofgrip was used in this study. The patient was seated with the hand resting comfortably in the lap. The dynamometer was placed with a marked point on one bar against the web of skin between the thumb and index finger. The digital display was then set to zero, thus discounting any resting pressure exerted by the patient due to involuntary flexion of the fingers. The patient was told to squeeze as hard as possible and then release. The dynamometer was positioned so that the patient was not able to see the digital display and no verbal feedback was given on performance. This procedure was repeated three times with each hand, alternating between the affected and unaffected side.
Four additional tests of arm movement and function were used:
(1) Motricity Index.'2 With the patient seated, power and range of active movement are rated for shoulder abduction, elbow flexion, and pinch between the thumb and index finger. Each movement is rated on a 5-point scale. The points on the scales are given weighted scores to reflect the significance of each point on the scale as a proportion of total recovery. A total score is then calculated for the three movements. (2) Spasticity was assessed by passive movement of the shoulder, elbow and wrist. Abnormal resistance to movement was rated as absent, mild or severe at each joint.
Assessment points Patients had an Initial Assessment within three weeks of their stroke or as soon as possible thereafter (mean = 11 days after stroke, SD = 9), and the procedures were repeated at one month (mean = 35 days, SD = 10), three months (mean = 101 days, SD = 19) and six months (mean = 193 days, SD = 16).
Results
Dynamometer scores from the initial assessment were inspected to discover the method of analysis which would give least variation in performance. Scores and this score is used throughout all subsequent analysis in this paper. Table 1 summarises the results for the five motor tests at the Initial Assessment. Table 1 shows that 55% of patients had measurable grip at the Initial Assessment, and only 5% (two cases) had scores within the normal range. This range of use is slightly poorer but comparable to the Morticity Index (57% above zero, 2% normal). In contrast, the Frenchay Arm Test and the NHPT both suffer from floor effects, with over 65% of cases scoring zero.
Range of Use

Sensitivity to Change
Seven patients were lost to follow-up over the subsequent six months (four died, one refused to participate, one left the district, and one developed an unrelated illness). The figure shows the mean scores for the remaining 31 patients over the four assessment points. As expected, all five motor tests produced a recovery curve with a fast initial rise, but only slight improvement between 3 and 6 months after a stroke.
Making comparisons between these five curves is not a good way to investigate the sensitivities of these tests, because the shape of the curves is influenced by differences in scaling. Also, these mean scores hide large individual differences in the pattern of recovery. The best way to compare the tests is therefore to look at the number of patients who showed improvements between each pair of adjoining assessment points (see table 2 ). This shows that the Motricity Index is the most sensitive in detecting early recovery. However, only percentage grip strength and the peg test showed increases in a statistically significant proportion of cases between each pair ofassessments, and the former showed these changes in a larger number of patients. 3 . Validity At the initial assessment, percentage grip correlated highly with the Motricity Index (r = 087), Frenchay Arm Test (r = 086), and Motor Club Assessment (r = 0-81). The correlation with the Peg Test was somewhat weaker (r = 0-71). This may in part have 
Prognosis
Using scores from the one month assessment, the five motor tests were compared in their ability to predict functional outcome at six months. Table 4 shows the cut-off scores for each test which allowed the maximum number ofpatients to be correctly classified into those who would eventually score above zero on the Frenchay Arm Test, and those who would not. Zero grip at one month indicated no future return of function in all but one case. This accuracy ofprognosis was only improved by the Motricity Index, which gave perfect prediction of outcome at six months.
Discussion
The patients who took part in this study formed a small but representative sample of recent stroke patients with impaired arm function. The measurement of grip strength with an electronic dynamometer proved to be a procedure which was brief but which nonetheless largely met the criteria for a good measure of function which were outlined at the start of this paper. It has a wide range of use, allowing the assessment of both severely and mildly impaired patients. It showed good sensitivity to change, detecting early recovery as well as later changes three to six Recovery in the hemiplegic arm normally has a proximal to distal gradient, with movement at the shoulder or elbow returning first and finger movements recovering last, if at all.',8 It was therefore surprising to find that nearly as large a proportion of patients achieved scores on the dynamometer as had above zero scores on the Motricity Index which includes ratings ofmovement or muscle contraction at the shoulder or elbow. This was almost certainly due to the objective and sensitive nature of the grip assessment procedure. Even the tiniest flicker of voluntary grip was registered by the electronic dynamometer, whereas detection of early recovery at the shoulder or elbow was based on a difficult and skilled judgement of whether there were palpable muscle contractions.
It has been asserted that strength of grip in the stroke patient might not indicate voluntary motor control because it would be difficult to distinguish voluntary grasp from spastic flexion of the fingers.6 This did not appear to be the case given the procedure used in the present study, where grip was measured as an increase above the resting baseline for the individual patient. Under these conditions, the majority of patients with definite spasticity were shown to be incapable of producing any additional voluntary grasp. In the cases where there was voluntary movement despite spasticity, improving grip strength was always accompanied by improvements in voluntary arm movement out of the spastic pattern. So, while we cannot exclude the possibility that spasticity might contribute to grip strength in some cases, this study suggests that if there is such a contribution it must be small, and does not invalidate this measure as an index of voluntary function.
A second reason which has been given for not using measures of strength in the assessment of motor recovery after stroke, is that they do not provide information about the deficits in selective control and co-ordination of agonist and antagonist muscle groups. It has been argued that these deficits, together with spasticity, are the major factors in hemiplegia and that apparent reductions in strength are secondary to these problems.5"6 However, although poor motor control and co-ordination are factors,'7 physiological studies have shown that weakness is a separate primary problem in the spastic as well as the flaccid patient. Upper motor neuron lesions result in a decrease in the number ofmotor units recruited during voluntary movement,'8 and a reduction in the firing rate of those which are recruited.'9 The functional ability of the hemiparetic stroke patient is therefore at least partly determined by how successfully he can generate sufficient power to allow free movement of the arm. Strength of grip may be a general indication of the degree of weakness in the arm, and this may underlie the correlation between this measure and performance on more complex motor tasks.
There are, of course, limits to the usefulness of such a general measure of power. Strength of grip did not correlate well with manual dexterity on the Nine Hole Peg Test, where patients with sensory loss did poorly despite normal strength. This confirms the argument that assessment of the arm should not be based on a single measure, but should include a selection of tests of sensation, co-ordination and dexterity.20 This study has demonstrated that the measurement of grip strength should form a part of any adequate assessment battery. Furthermore, the procedure used in this study provides a brief method ofplotting the course of intrinsic neurological recovery as it affects the arm.2' Frequent assessments of individual patients using this technique, provides an easy objective method of determining the rate ofearly or late recovery. This may prove useful in attempts to discover whether recovery is accelerated by increasing the intensity of physiotherapy.
Finally, this study has confirmed earlier findings' that the absence ofmeasurable grip by one month after stroke, indicates that there will be poor functional outcome. However, the Motoricity Index allowed more accurate prediction of outcome, and Bard and Hirschberg8 also found that patients who eventually gained full range of movement had visible movement at the shoulder, elbow or hand within the first month. It therefore seems that any assessment which records the beginnings of voluntary movement in the first four weeks will serve as a prognostic indicator. The particular value ofgrip strength assessment may be that it provides an all-or-none cut-off point for the clinician to use. Some proximal movement ofthe arm within the first four weeks is seen in some cases where there is no eventual return of useful function, whereas if there is detectable grip at one month, then the clinician can be reasonably certain that there will be at least rudimentary function five months later.
